Abstract. We constructed two types of neural network models for forecasting the sea surface temperature anomaly (SSTA) over several standard equatorial Pacific regions (Nifio 3, 3.4, 3.5, 4, P2, P4, and P5). The first type used the sea level pressure (SLP) as predictors, while the second one used the wind stress. By ensemble averaging over 20 forecasts with random initial weights, the resulting forecasts were much less noisy than those in our earlier models. The models performed best in the western-central equatorial regions and less well in the eastern boundary regions. At longer leads of 9 -12 months, the cross-validated skills (1952 -1993) for the models using the tropical Pacific SLP as predictors were statistically higher than those using the wind stress. Overall, the models using the tropical SLP showed usable cross-validated skills up to 12-month lead. The true out-of-sample forecast performances during the 1982-1993 period for the Nifio 3.5 SSTA at lead times of 9, 12, and 15 months attained correlation skills of 0.78, 0.80, and 0.75, respectively.
TANGANG ET AL ß FORECASTING TROPICAL PACIFIC SEA SURFACE TEMPERATURE
Two predictor fields, that is, the SLP and wind stress, were used as inputs to the neural network models. Both fields were first compressed using the EOF technique, and the leading modes were then fed as input to the neural network models. The SLP and wind stress data from the Comprehensive Ocean-Atmosphere Data Set were available in 2 ø latitude by 2 ø longitude grids [Woodruff et al., 1993] . We used the wind field covering the tropical Pacific region of 20øN-20øS and 120øE-70øW. This region is latitudinally wide enough to include the off-equatorial precursors for forecasting the SSTA [Tangang et al., 1997]. Prior to the EOF analysis, the wind components were averaged to coatset grids of 2 ø x 10 ø, In this paper, we adopted the direct forecast method [Weigend, 1996] . This setting allows the network to Figure 7 shows that the SLP is a better predictor than the wind stress at longer lead time. Could the higher skills attained by the SLP model be due to (1) the larger spatial coverage of the SLP field or (2) the noisier nature of the wind stress field? The SLP data, which covered both the tropical Indian and Pacific Oceans, would likely contain more precursor patterns than the wind stress field which covered only the tropical Pacific. Several studies indicated that the atmospheric variations, which eventually caused most of the changes in the SST associated with ENSO, originated from the equatorial Indian Ocean and propagated eastward into the Pacific [e.g., Yasunari, 1990 ]. On the other hand, if the wind stress field is noisier, the presence of noise in the initial conditions invariably causes the forecast to diverge from the true state at long lead times, hence it will not be surprising that the wind stress becomes less effective as a predictor than the SLP at long lead times, even though the ocean is more directly forced by the wind stress than by the SLP.
To further investigate, we performed experiments by adding noise to the SLP anomaly at each grid. We added two type of noises: (1) white noise in both space and time and (2) red noise in space but white in time.
The red noise was generated by adding white noise (in frequency space) to the expectation values of the twodimensional red noise Fourier coefficients. The red noise was then obtained by an inverse Fourier transform back to coordinate space. We then performed the EOF analysis on both fields. For the white noise added SLP field, the first seven EOFs explained 51% of the total variance, indicating a total of 22% reduction from the original field. The magnitude of the noise was chosen so that this percentage of explained variance was comparable to that for the wind stress field (Table 1) all, the Pacific SLP model had the best seasonal crossvalidated skills, whereas the wind stress model had no usable forecast skills at lead times of 9 months or longer.
True Out-of-Sample Forecasts
The results presented in previous sections were not based on true out-of-sample forecasts, as the EOF analysis was performed on the entire period of the available record, including the forecast period of 1982-1993. Figure 9 displays the ensemble averaged forecasts versus observations of the SSTA in the Nifio 3.5 region at õ, 9, 12, and 15-month leads, for the true out-of-sample case. As the correlations shown in Figure 9 were the correlations between the ensemble averaged forecasts and the observations, they were slightly higher than those shown in Table 3 • standard deviation than the unpruned model (Experiment 1), and among the pruned models the ones with larger as relative to a2 (i.e., more nonlinear structure) have slightly higher skills. All the models in the rest of this paper used the same parameters as in Experiment 5.
